Diarrhoea contributes significantly to the under-five childhood morbidity and mortality worldwide. This cross-sectional study was carried out in a tertiary care hospital in Ujjain, India from July 2015 to June 2016. Consecutive children aged 1 month to 12 years having "some dehydration" and "dehydration" according to World Health Organization classification were eligible to be included in the study. Other signs and symptoms used to assess severe dehydration were capillary refill time, urine output, and abnormal respiratory pattern. A questionnaire was administered to identify risk factors for severe dehydration, which was the primary outcome. Multivariate logistic regression modeling was used to detect independent risk factors for severe dehydration. The study included 332 children, with mean ± standard deviation age of 25.62 ± 31.85 months; out of which, 70% (95% confidence interval [CI] 65 to 75) were diagnosed to have severe dehydration. The independent risk factors for severe dehydration were: child not exclusive breastfed in the first six months of life (AOR 5.67, 95%CI 2.51 to 12.78; p < 0.001), history of not receiving oral rehydration solution before hospitalization (AOR 1.34, 95%CI 1.01 to 1.78; p = 0.038), history of not receiving oral zinc before hospitalization (AOR 2.66, 95%CI 1.68 to 4.21; p < 0.001) and living in overcrowded conditions (AOR 5.52, 95%CI 2.19 to 13.93; p < 0.001). The study identified many risk factors associated with severe childhood dehydration; many of them are modifiable though known and effective public health interventions.
Introduction
Diarrhoea is the second leading cause of morbidity and mortality among under-5 (U-5) children worldwide [1] [2] [3] . Childhood diarrhoea results in the death of approximately, 700,000 U-5 children yearly, constituting almost 16% of global child death [2, 3] . Apart from deaths, the grave consequence of diarrhoea in the first two years of life is its effect on growth, leading to stunting [4] . The morbidity of childhood diarrhoea is about 3 episodes per child per year, and childhood diarrhoea is concentrated in Southeast Asia and Sub Saharan Africa [1] . Controlling diarrhoeal diseases has been on the public health agenda since long. The World Health Organization (WHO)-led diarrhoeal disease control programme resulted in a steep reduction of 75% in mortality due to diarrhoea worldwide from the 1980s to 2008 [5] . However, since then, gains in the reducing mortality rates have been levelling [5] . In 2013, the WHO and the United Nations Children's Fund (UNICEF) formulated the integrated Global Action Plan for Pneumonia and Diarrhoea (GAPPD), which outlines a framework for ending preventable child deaths due to diarrhoea and pneumonia by 2025 [1] . The GAPPD emphasises a 'protect, prevent, and treat' approach that integrates interventions with proven effectiveness [1] .
In India, steady progress has been made in reducing deaths in U-5 children, with total deaths declining from 2.5 million in 2001 to 1.5 million in 2012, with a mean rate of fall of around 3.7% annually [1, 6] . Despite this reduction, in India, diarrhoea is the third most common cause of death in U-5 children and is responsible for 13% of deaths in this age group [2, 7] . Thus, in India alone diarrhoea results in the death of an estimated 300,000 children each year [2, 7] . In terms of diarrhoeal episodes per year, the morbidity data from the National Family Health Survey-4 (NFHS-4) in Madhya Pradesh (M.P.) province where the current study was conducted, found that, 9.5% of all U-5 children had suffered from diarrhoea in the 2 weeks prior to survey [8] . The province of M.P. has the highest burden of infant and childhood mortality in India [8] .
Despite its consequences on health and survival, the last decade has witnessed a reduction in research on childhood diarrhoea [5] . As an example, only a few studies on epidemiological and clinical risk factors in childhood diarrhoea from India, have been conducted [9] [10] [11] [12] [13] , but the burden of diarrhoeal diseases remains high [14] . To achieve the goal of ending preventable deaths due to diarrhoea the WHO and UNICEF emphasise the need for more research focusing on identifying context-specific risk factors and interventions to control childhood diarrhoea [1] . Thus, the present study aimed to examine the demographic, socioeconomic, environmental, and clinical risk factors for diarrhoea in children aged less than 12 years in the city of Ujjain, M.P., India.
Materials and Methods
This prospective observational study was conducted from July 2015 to June 2016. This study was approved by the Institutional Ethics Committee (IEC) of RD Gardi Medical College, Ujjain (IEC reference number 459/2014).
Study Setting
The study was done in the pediatric ward of C.R. Gardi Hospital (CRGH), Ujjain. The CRGH is situated approximately six kilometers from Ujjain city and is a teaching hospital attached to R.D. Gardi Hospital (RDGMC). Department of Pediatrics in RDGMC has 90 beds out of the total 800 beds in CRGH. The hospital is managed by a charitable trust.
Study Participants
Consecutive patients aged between 1 month and 12 years who were admitted for acute diarrhoea (up-to 14 days) to the paediatric ward were included in the study. The WHO definition of acute diarrhoea was used: i.e., passage of three or more loose stools (liquid or watery stool) for more than one day [1] . Children having "some dehydration" and "dehydration" according to WHO classification were eligible to be included in the study [15] . Other signs and symptoms used to assess severity of dehydration included capillary refill time, urine output and abnormal respiratory pattern [16] . Children treated in the last 24 h with intravenous fluids, children with persistent diarrhoea (>14 days), children living with human immunodeficiency virus/acquired immune deficiency syndrome, bloody diarrhoea, diarrhoea due to systemic infection, and diarrhoea during a course of antibiotic therapy were excluded from this study. Figure 1 shows the patient recruitment process. 
Definitions
The following definitions were used for the present study: nuclear family was defined as a family that consisted of a married couple and their children occupying the same dwelling space [17] . A joint family comprised of more than one married couple and their children who lived together in the same household and shared a common kitchen [17] . Overcrowding was defined as a situation in which more people are living within a single dwelling than there is space for, so that movement is restricted, privacy secluded, hygiene impossible, rest and sleep difficult [17] . Breastfeeding was considered exclusive if the infant has received only breast milk from his/her mother or a wet nurse, or expressed breast milk, and no other liquids or solids [18] . Severe acute malnutrition (SAM) was assessed and managed in children between the ages of 6 months to 5 years according to the consensus statement by the Indian Academy of Paediatrics (IAP) [19] . A kutcha house was one with the walls and/or roof made of material such as un-burnt bricks, bamboos, mud, grass, reeds, thatch, loosely 
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Data Collection Method
The mother or caregiver accompanying the child fulfilling the inclusion criteria was interviewed by one of the research assistants using a predefined questionnaire (online supplementary data). Information was collected on demographics of the child and mother, relevant medical history, history of treatment received before hospitalisation, and environmental and personal hygiene-related risk factors for diarrhoea. Signs and symptoms of children included in the study was recorded at time of admission. Apart from the first author, two independent paediatric consultants assessed each admitted child and decided the management of the child.
Clinical Management of Diarrhoea
During the hospital stay, fluid management of all children were managed according to the IAP protocol for management of diarrhoea [21] . All children received Oral Rehydration Solution (ORS) and oral zinc as soon as oral intake was established [21] .
Data Management and Statistical Analysis
Data were entered into EpiData Entry (Version 3.1, EpiData Software Association, Odense, Denmark) and were analysed using Stata (Version 13.0, Statacorp. Texas, TX, USA). The Pearson chi-square test was used to evaluate the association of each risk factor with severe dehydration, and the results are reported as unadjusted odd ratios (OR). Stepwise multivariate logistic regression models, with backward elimination of predictor variables having a p value of more than 0.1 were used to develop the final model. In the final model, the p value of all predictor variables was less than 0.1, except for age and sex. Adjusted OR (AOR) and their 95% confidence intervals (CI) were then calculated. A p value of <0.05 was considered significant. Model discrimination was conducted using the C-statistics-receiver-operating-characteristics (ROC) curve, and model calibration was performed using Hosmer-Lemeshow 'goodness-of-fit' test [22] .
Results
During the study period, 332 children (54% boys and 46% girls) with diarrhoea were enrolled. The mean age of children was 25.62 months (SD ± 31.85). Of the 332 children admitted with diarrhoea, 232 children were diagnosed to have severe dehydration and the remaining had "some dehydration" according to WHO classification. The prevalence of severe dehydration was thus 70% (95% CI 65 to 75). The signs and symptoms at the time of admission are shown in Table 1 . None of the children included in the study died during the hospital stay.
Although slightly more boys were admitted then girls there was no statistically significant difference in the prevalence of severe dehydration among the boys and girls. Most (74%) children belonged to younger age group of 1 month to 24 months. Children of illiterate mothers compared to children of literate mothers and children of working mothers compared to non-working mothers, had increased risk for severe dehydration ( Table 2) . Table 3 . Presence of SAM, and if the child received vaccination on schedule were also associated with severe h = dehydration. Treatment-related factors like antibiotics, ORS and zinc, and home treatment for the present episode of diarrohea were significantly associated with severe dehydration (Table 3) . The environmental and household sanitation conditions identified as risk factors are shown in Table 4 . 
Multivariate Analysis
The independent risk factors for severe dehydration were: lack of exclusive breastfeeding in first six months of life, history of measles in the last one month, excessive crying, presence of malnutrition, receiving antibiotic in last 7 days, not receiving oral rehydration solution before hospitalization, not receiving oral Zinc before hospitalization, and living in overcrowded conditions (details in Table 5 ). 
Model Performance
The ROC of the final model was 0.8981 showing excellent model fit as a value more than 0.75 (and near one) predict excellent discrimination [22] . The Hosmer-Lemeshaw test showed that chi-square was 3.94 (p = 0.8626). A high p showing good model calibration [22] .
Discussion
This is the first study from central India and from the province of Madhya Pradesh to define risk factors for severe dehydration in children with acute watery diarrhoea. Despite measures to control the disease at national level in India the disease burden remains high [14] .
In our study, bivariate analysis revealed that children living in urban areas had a lower risk of severe dehydration than children living in rural areas. This may be due to presence of greater number of risk factors associated with diarrhoea among children living in urban areas [23, 24] . However, increased risk of acute diarrhoea in rural areas has also been reported [25] . The most important underlying factors in both urban and rural areas are water, sanitation and hygiene (WASH)-related an include the faecal contamination of drinking water, the lack of personal hygiene especially during water handling, and inadequate hand washing after defecation [9, 10, 26, 27] . The children of illiterate mothers have a nearly two-fold increased risk of severe dehydration in our study. Similar increased risk of diarrhoea has been reported in children born to illiterate mothers [5, 28] .
It has been well documented that the morbidity of diarrhoea is the lowest in exclusively breastfed children, due to the protective effects of breast milk [1, 29, 30] . Bottle-feeding has been shown to be associated with diarrhoea in India as well as in other low-income countries [24, 31] . In the present study, 84% of children received vitamin A supplementation. In our study, the association of vitamin A supplementation with severe dehydration was not statistically significant. However, evidence shows that vitamin A supplementation reduces diarrhoea mortality by 12% and significantly reduces morbidity due to diarrhoea and measles [32] . In our study, bivariate analysis results support that post-measles diarrhoea is an important complication of measles, and children with measles have a 1.29 times increased risk of severe dehydration. Acute diarrhoea has been reported in more than 50% of cases of complicated measles [33] . In our study, SAM was present in 33% of children; of these children, 79% had severe dehydration (p < 0.05). The presence of SAM, as defined by IAP's weight-for-age classification, increases the risk of severe dehydration ( Table 5 ). SAM can increase the severity of diarrhoea, particularly in wasted children, which may be due to the diminished immune response to infection [24] . In our study, according to bivariate analysis, the odds of severe dehydration increased when an antibiotic was prescribed to a child for the present episode of diarrhoea in the last 7 days. Moreover, patients who did not receive ORS and zinc had a higher risk of diarrhoea. Antibiotics are indicated only for a fraction of cases of acute diarrhoea but are prescribed to up to 70% of children with diarrhoea [34] . According to the NFHS-4 data for Ujjain district, 64% and 52% of U-5 children with diarrhoea received ORS in urban and rural areas, respectively. Compared with the NFHS-4 data, the ORS use rates in our study were 32% and 37% in rural and urban areas, respectively [8] . Moreover, according to the NFHS-4 data, 20% of U-5 children received zinc, which is comparable to the rate of 19% reported in our study [8] .
In our study, we explored the association of the type of household sanitation with severe dehydration. The absence of a toilet in the house, non-use of toilet, and practice of open-air defecation increased the risk of severe dehydration. In our study, 86% of households had a toilet facility. An increase in the number of toilets constructed at households and the use of toilets can be linked to the Swachh Bharat campaign initiated by the Government of India from 2 nd October 2014 onwards [33] . The association of overcrowding with severe dehydration found in our study is probably a proxy for poor sanitation, lack of access to clean water, and inadequate personal hygiene, which are responsible for approximately 88% of childhood diarrhoea in India [24] . Moreover, in many places in India, child faeces are not disposed of safely [10, 24, 26] . Similar WASH-related environmental risk factors for diarrhoea have been reported recently from Mozambique, Tanzania and Nepal [9, 35, 36] . Environmental enteric dysfunction is now considered the most important causes of stunting in children with diarrhoea in low-middle-income countries [4, 37] . The lack of hand hygiene is a universal risk factor for diarrhoea [38] . It has been estimated that proper hand washing practices can reduce the number of diarrhoeal episodes by more than one-third [38] . However, the best approach to promote hand hygiene among children remains elusive [39] .
Strengths and Limitations
The main strength of this cross-sectional study is that we collected both epidemiological and clinical data for risk assessment of severe dehydration in childhood admitted with acute diarrhoea, which is rare. The study also identified many modifiable risk factors for childhood diarrhoea, which can be used for planning community interventions. However, the study has certain limitations: the study did not ascertain the aetiology of diarrhoeal diseases in children, because it was not the primary study objective and also because of limited laboratory on-site capacity and the lack of affordable point-of-care diagnostics. A home visit to the children with diarrhoea could have helped us identify the contamination of household drinking water, but this was not thought to be feasible.
Conclusions
Our study identified a multitude of risk factors for childhood diarrhoea, and many of them are modifiable. Promotion of breastfeeding, early identification and treatment of severe acute malnutrition, and treatment of diarrhoea with ORS and zinc in the household and community can reduce the risk for severe dehydration. Research should be conducted to identify effective interventions that can modify the identified risk factors. The implementation of such effective interventions may substantially reduce the morbidity and mortality of diarrhoea in this and similar resource-constrained settings. Funding: This study is funded by Uppsala Universitet's L R Åkerhams post-doctoral scholarship in clinical research, obtained by Ashish Pathak. The funders had no role in study design, data collection, data analysis, decision to publish, or preparation of the manuscript.
